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ABSTRACT 

The main e f f o r t  t h i s  qua r te r  was d i r e c t e d  toward f i n d i n g  d i f f e r e n c e s  i n  t h e  

behavior o f  the  e l e c t r o d e - e l e c t r o l y t e  i n t e r f a c e  f o r  l i q u i d  and gaseous 

e l e c t r o l y t e s .  E a r l i e r ,  we had establ  1 shed t h a t  t he re  were no d i f f e r e n c e s  

i n  emfs o f  amalgam concent ra t ion  c e l l s .  For t h i s  reason we tu rned  t o  the  

process o f  e l e c t r o d e p o s i t i o n  as a t o o l  t o  see whether important d i f f e rences  

would show up under dynamic cond i t ions .  Our expec ta t i on  was t h a t  depos i t i on  

out of dense gaseous e l e c t r o l y t e s  would be more cont inuous and t h e  depos i t s  

more c r y s t a l l i n e  and less  spongy than ou t  o f  l i q u i d  e l e c t r o l y t e s .  T h i s  was 

based on t he  p i c t u r e  t h a t  any gas j roduced du r ing  e l e c t r o l y s i s  would not 

be cons t ra ined  t o  t h e  sdr facz  reg ion  a s  a bubble s ince  t h e  gaseous e l e c t r o l y t e  

should no t  have the  sur face  tension o f  a l i q u i d  e l e c t r o l y t e .  Ex;erimental 

r e s u l t s  t o  date i n d i c a t e  t h a t  t h z  d i f f e r e n c e s  a r e  indeed major and tha t ,  as  

a by-product, i t  may be p r a c t i c 2 1  t o  produce s i n g l e  c r y s t a l  whiskers o u t  

o f  t h e  dense gaseous e l s c t r o r y t e .  

I n  t h e  f i r s t  run of t h i s  per iod  (E8),  s i l v e r  e lec t rodepos i t  ou t  o f  the  l i q u i d  

0 0 0 s t a t e  (-70 , 15 , !c3 C >  1 n c r e ~ s ~ n n 1 ~ ,  y , ,  c n - . r ~ l \ *  Jy"It.1y nr " 1  L , y ~ L u l l l l l G  , - . - . * ~ + - 1 1 : - -  ' iii 

appearance as  the  c r i t i c a l  temperature was approached. I n  the  s u p e r c r i t i c a l  

reg ion  ( 14OoC), t he  depos i t  on the  b u l k  of  t he  subs t ra te  was much more 

s p a r k l y  o r  c r y s t a l l i n e  i n  appearance. A t  t he  t i p  o f  t h e  cathode, f i l amen ts  

were observed which were presumably s i n g l e  c r y s t a l  s i l v e r  ( F i g .  2 ) .  

0 
I n  t h e  t h i r d  run, cuprous c h l o r i d e  was e l e c t r o l y z e d  a t  23 C and 144OC w i t h  

mixed success (Cel 1 E12). Although depos i ts  were obtained, exper imental  

- 1  - 



cnndi t innc ,!ere - v , n - ~ - - + l . *  a,+,.,ul - - *  1~~~ 5 d t  i b i a c i o r y  f o r  s meta I 1 i c clepos i t 

the t i n t s  be ing e x p e r i l e n t s  w i t h  cuprous c h l o r i d e  have been d i sccn t  

S i l v e r  was deposi ted i n  the run w i t h  C e l l  Elb. The deposi t  out  c f  

gaseous e l e c t r o l y t e  ( 

I i q u i d  e l e c t r o l y t e  ( 2  

anc2 dhereas t h a t  out 

on. For 

nued. 

t h e  dense 

42°C) was d i s t i n c t l y  d i f f e r e n t  from t h a t  c u t  c;f the  

OC). 

e f  the densc gaseous e l e c t r o l y t e  was q u i t e  spark ly  c'r 

Thz lcw temperature deposi t  was f r o s t y  i n  appear- 

c r y s t a l l i n e  i n  a~pe3rance.  I n  addi t ion,  long f i l amen ts  grew on one e lec t rode .  

Un fo r tuna te l y  t h i s  growth broke Lut the separate pieces &ere from 1/16" t o  

1/8'1 long. 

In  t h e  next run (Ce 

a t  1 4 0 ~ ~ .  On two e 

l i n e  i n  appe3rance; 

broke o f f  th.;? s l e c t  

1 E l g ) ,  s i l v e r  was deposi ted on th rec  d i f f e r e n t  cathodes 

actrodes t h z  deposi ts werL m e t a l l i c  m d  somewhat L r y s t a l -  

on the  t h i r d ,  whiskers Mere produced. Thdy apparent ly  

ode and wsrz l , / ing loose i n  the  c e l l  when t i 7 2  c e l l  was 

removed from the  bomb. There were several  whiskers o f  l eng th  up t c  5 mm 

(F ig .  3 ) .  

I n  C e l l  E14,  scvera l  typ2s of s i l v e r  de lms i t s  were produced o l i t  c f  t he  dense 

gaseous e l s c t r o l y t e  ( 140 One w3s metal 1 i c  and somewhat c r y s t a l -  

l i n e  and whiskery i n  appearancz. Another was i n  r3thdr long t r e e s .  The 

0 
t o  141'C). 

main s h a f t  o f  one t r e e  w3 

t h i s  t r e e  .rere r e l a t i v e l y  

merely growth on tho  side 

appe i r s  t o  hade occurred 

aboJ t  6.5 mm lcng ( F i g .  4) .  Tha br3nches on 

shor t .  It m3y w e l l  be t h a t  the br3nchcs are 

facds o f  3 s i n g l e  ~ r y s t a l  f i l a m e n t .  Twinning 

n 3 t  I z3s t  two klaczs.  

-2 - 
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Because o f  t he  i n t e r e s t i n g  r e s u l t s  on the  depos i t i on  o f  s i l v e r  from dense 

gaseous AgNO -NH 3nd becsusz the t o t a l  res i s tance  o f  t h e  c i i l  is sometimes 

lower i n  the  ddnse gaseous s t a t e  t h i n  i n  the l i q u i d  s t a t e  a t  room tempera- 

turd,  i t  appe3red des i rab le  t o  examinc the  c o n d u c t i v i t y  o f  7gNO -NH Two 

c e l l s  were b u i l t  and f i l l e d  3n3 readings i n i t i a t e d  on one L L I I .  

c e n t r a t i o n  o f  s o l u t e  i n  the t w o  c z l l s  i n  the  gas phase w i l l  bcl 3lmost i d c n t i c 3 t  

whereas t h e  dens i t y  o f  3mmoni3 w i l l  b e  l2$ higher  i n  one c e l l .  One i n t e r e s t i n g  

f e 3 t u r e  o f  the dense gaseous medium i s  t h a t  bo th  s o l v i n t  and s o l u t e  d e n s i t i e s  

c3n be v a r i e d  i n a e p z n d ~ n t l y  o f  ZJch o t h s r  whereas i n  t h d  l i q u i d  s t a t e  on l y  

t h e  s o l u t e  dzns i t y  can be va r ied  jt a g iven tzmperaturz. 

3 3  

3 3' 
The con- 

The a p p l  i c a b i  

i s  reviewed. 

these e l e c t r o  

i t y  o f  pol3rogr3+hy tc.  th,: study o f  densc gasdcus e l e c t r o l y t e s  

P. new type o f  p o l ~ r o g r a p h i c  c a l l  i s  dasigned t o  ba used w i t h  

y tes .  P r z l i m i n 3 r y  cxperimznts hava bcdn madc t o  check out the 

system 3 s  w e l l  3 s  the design o f  th.2 c e l l .  Cons t ruc t i on  o f  the  new c e l l  should 

be completed s h o r t l y .  

-3 - 



! . ! MTRODL'CT IO?! 

The work dur inL the past qua r te r  has been concerned mainly w i t h  t h e  e l e c t r o -  

d e p o s i t i o n  experiments. These experiments are being c a r r i e d  out t o  e s t a b l i s h  

d i f f e r e n c e s  i n  dynamic electrochemical  p r o p e r t i e s  o f  l i q u i d  and gaseous 

e l e c t r o l y t e s .  i n  add i t i on ,  t he re  has been considerable preparatory  work 

done i n  s e t t i n g  up a dropping mercury e l e c t r o d e  polarography experiment. 

T h i s  experiment i s  expected t o  f u r n i s h  i n fo rma t ion  about species present, 

d i f f u s i o n  processes, and cond i t i ons  a t  the e l e c t r o d e  sur face i n  a gaseous 

e l e c t r o l y t e .  F i n a l l y ,  two c o n d u c t i v i t y  c a l l s  have been designed and b u i l t  

f o r  the purpose c f  measuring the  c o n d u c t i v i t y  o f  AgNO i n  NH as a f u n c t i o n  

of temperature over the range between room temperature and temperatures 

well above the  c r i t i c a l  p o i n t  o f  MH These c e l l s  have been f i l l e d  w i t h  3 .  
t he  e l e c t r o l y t e  and c o n d u c t i v i t y  measurements begun on one o f  them. 

3 3 

-4- 
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2. ELECTRODEPOSITION EXPERIMENTS 

Dur ing  t h i s  q u a r t e r l y  p e r i o d  IO e l e c t r o d e p o s i t i o n  c e l l s  have been b u i l t  and 

f i l l e d .  S i x  of these were run successfu l ly ,  producing some very i n t e r e s t i n g  

r e r i i i i s ,  

attempted experiments before usefu l  data cou ld  be obta ned. 

numbered E 7  t o  E l b ,  i nc lus i ve ,  and were of t he  general type shown i n  Fig. 1 .  

A summary o f  these experiments i s  as fo l lows.  

t h e  remaining four were broken, c i t h c r  n filling cr  dur ing 

The c e l l s  were 

C e l l  
No. 

€7 

E 8  

E9 

_I 

E10 

E l  1 

E12 

E l 3  

E l 4  

C l C  
L'/ 

E l b  

S a l t  
7 

Elect rodes 

6-Pt - H a l f - l e n g t h  cathodes 

Same 

6-Pt  -Very smal 1 cathodes 

Same 

4-Pt-Long, Med.,Smal1 cathodes 

Same 

Same 

Same 

E --,, 
daiiic- 

Same 

Resul t  

Broken d u r i n g  f i l l i n g .  

!";hi skers - photographed. 

Spongy deposi ts  

No v i s i b l e  depcs i t  obta ined 

Broken du r ing  experiment 

Non-metal l ic, red  deposi t  

Long whiskers - photographed 

Long feathers - photographed 

C l r r r I t ~ m  r l a n r ; n n  nvnar;mnnt 
" I  ",\",I " " 4  " ' y  ",.YbV I 1 I 1 b I I C  

Long whiskers 

D e t a i l e d  accounts G f  the succzssful experiments fo l l ow .  They a re  arranged 

i n  the  ch ronc log i ca l  order  i n  :dhich they were performed. 

-5- 



2.1 CELL E 8  

T h i s  c e l l  (whose volume was approximately 40 cc) was f i l l e d  w i t h  0.1572 gm 

AgNO 

w i r e  e lect rodes,  One o f  thcse was 2" l o n g  and was used as the  anode. The 

i n  about 20 cc o f  NH 3 3 
a t  -78'C. The c e l l  had s i x  O.Ol6I '  diam. P t .  

o t h e r  f i v e  were 1.25" long and were used as cathodes. Two o f  the cathodes 

were used f o r  low temperature e l e c t r o d e p o s i t i o n  p r i o r  t o  p l a c i n g  t h e  cel l  

i n  the bomb w h i l e  the  remaining th rse  were used a t  h i g h  temperatures. The 

t w o  low temperature cathodes were designated Gn and Gy w h i l e  the  anode was 

designated A and the th ree  h igh  tempsrature cathodes wera 8, C and 0. 

The experimental cond i t i ons  were a s  f o l l ows .  

Temp. Cel I Current 'I ime Charge 
C V o l t s  ma. - Sec Faradays 
0 Cathode 

-6 
Gn -70 3.6 10 bo 6.2 x 10 

G Y  -70 1.5 1 810 0.4 x 10-b 

C 15 0.7 1 61 5 6.4 x 

B 

D 

103 

140 

0.7 

0.5 

1 

1 

ti60 6.8 x 10-b 

7.15 x IOqb 

The low tzmperature deposi ts  were zxamined immediately a f t e r  d e p o s i t i o n  and 

were observed t o  be b l a c k  and f l u f f y  i n  appearance, p a r t i c u l a r l y  t h e  deposi t  

on Gn which was about 0.5 mm t h i c k .  Pieces o f  t h i s  deposi t  were observed 

t o  brcak o f f  and d r i f t  about i n  thz 1 i q u i d  ammonia, i n d i c a t i n g  f r a g i l i t y  

and low dzns i t y .  The deposi t  cn Gy was much t h i n n e r  and stronger,  bu t  was 

also black and non-meta l l i c  i n  appearance. 



A f t e r  the h i g h  temperature e lec t rodepos i t i ons  ou t  o f  the dense gaseous 

e l e c t r o l y t e ,  t h e  c e l l  was removed from the  bomb i n t a c t .  H a l f  the NH was 

missing, i n d i c a t i n g  t h a t  t he re  was a slow leak. Both o f  t h e  low temparature 

depos i t s  were considerabiy  reduced iri s ize .  A b!ack powder which cou ld  be 

wiped o f f  remained on Gn w h i l e  a t h i n  b lack  c r u s t  which cou ld  be scraped o f f  

i n  small  p ieces remained on Gy, This c r u s t  appeared m e t a l l i c  on i t s  inner 

s i d e  w h i l e  t h e  ou te r  s ide appeared non-meta l l ic .  

3 

The t h r e e  h igher  temperature deposi ts &ere a l l  m e t a l l i c  i n  appearance. 

The depos i t  a t  15 C on C was m e t a l l i c  and f a i r l y  smooth i n  appearance. 

That a t  103OC on B was m e t a l l i c  and somewhat spa rk l y  o r  c r y s t a l l i n e  i n  

appearance. The deposi t  on D a t  14OoC was very spark ly  o r  c r y s t a l  1 ine  

i n  appearance. On t h e  po in ted  t i p  o f  cathode 0 ,  sharp p ro jec t i ons ,  pre-  

sumably s i n g l e  s i l v e r  c r y s t a l s  or whiskers, were observed, These were 

photographed and a copy o f  the photograph i s  shown i n  F ig.  2. Under the  

microscope the  c r y s t a l s  appear t o  be three-sided. 

p lana r  and g i v e  spec t ra l  r e f l e c t i o n  o f  l i g h t .  

0 

The s ides a r e  apparent ly  

Another i n t e r e s t i n g  f e a t u r z  i s  t l l e  increase i n  c o n d u c t i v i t y  o f  t h e  c e l l  

w i t h  i nc raas ing  temperature. T h i s  can be seen by comparing the  vo l tages  

r e q u i r e d  t o  pass a c u r r e n t  o f  1 ma between anode A and cathodes Gn, B, C 

and 0. The r e q u i r e d  vo l tage  drops from 1.5 t o  0.5 as t h z  temperature in- 

creases from -70°C t o  +I40 C, i n d i c a t i n g  an i m e a s e  in  apparent c e l l  con- 

d u c t i v i t y  by a f a c t o r  o f  3 .  T h i s  i s  s u r p r i s i n g  i n  view o f  our prev ious 

experiments i n  which the  c e l l  c o n d u c t i v i t y  decreased, i n  one case by a 

0 

-7 - 
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t a c t o r  of 400. I t may b2 t h a t  t h  s behavior I S  due t o  v a r i a t i o n  i n  elec- 

t r o l y t d  dens i t y  due t o  v a r i a t i o n s  i n  c e l l  f i l l i n g .  High c o n d u c t i v i t i e s  

a r e  nel;ded f o r  p r a c t i c a l  u t i l i z a t  on o f  dense gaseous e l e c t r o l y t e s  f o r  

sn,:gy cmV;r; ien .  Since thzrc; may bz c m d i t i m s  under which i t  may b e  

p o s s i b l e  t o  prcduce h i g h  c o n d u c t i v i t i e s  near the  c r i t i c a l  p o i n t  i t s e l f ,  

ice., i n  the  l eas t  s t r i n g e n t  p o r t i o n  o f  t h e  s u p e r c r i t i c a l  region, t h i s  

f e a t u r e  w i l l  be examined f u r t h e r .  I t i s  t h e r e f o r e  planned t o  make f ou r -  

probe rncasurzments o f  t h e  c o n d u c t i v i t i s s  o f  AgNO 

f u n c t i o n  o f  t m p c r a t u r e ,  densi ty,  and concentrat ion.  Two c e l l s  have been 

prepardd and f i l l e d  f o r  these mkasurcments and the  c o n d u c t i v i t y  measure- 

writs w i l l  be maae i n  t h e  next quar ter .  

i n  NH s o l u t i o n s  as a 3 3 
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2.2 CELL E9 

T n i s  c e l l  ( o f  40 cc volume) was f i l l e d  w i t h  0.1679 5.11 AgNO 

o f  NH, a t  -78'~. 

2" long  P t  w i r e  used as t h e  anode w h i l e  the o the r  f i v e  wort: 0 . 0 1 6 ~ ~  diam. 

P t  w i res  covered w i t h  g lass f o r  a shor t  d i s tance  and c u t  o f f  f l u s h  w i t h  

i n  about 25 cc 

The c e l l  had s i x  e lect rodes,  one being a O.Ol& ' l  diam. by 

3 

t h e  g lass t o  leave exposed a O.Ol@l  diam. c i r c u l a r  area f o r  t he  e l d c t r o d e  

surface. 

temperature e l e c t r o d e p o s i t i o n  wh i l e  the  o the r  th ree  ( 8 ,  C and 0) were 

Two o f  t h e  cathodes (designated Gn and Gy) were used f o r  low 

used a t  h igh  temperature. Cathodes E and D were brought i n  through the 

t o p  o f  the c e l l  w h i l e  t h e  anode A and cathodes Gn, Gy, and C were brought 

i n  through t h e  bottom. 

Temp. Cell Current Time C ha '9" 
C i ' o l t s  -- ma. - soc e Fjradays 
0 Cathode -- 

-7 Gn -bo 2.5 0 .3  20 6.2 x IO 

G Y  -60 1.4 0.03 400 1.24 x 10-' 

-7 C 1 40 0.1 0.01 720 7.5 x 10 

6 1 50 380 0.003 8400 2.6 x IO+ 

D 150 380 0.01 600 6.2 10-7 

The deposi ts  on Gn and Gy were i n  t h e  form o f  f l u f f y  b lack  hcmisphdrds 

which disappeared d u r i n g  t h e  h igh  temperature experiments l eav ing  bdhind 

a t h i c k  c r u s t  which was m e t a l l i c  and spongy i n  appearance. A very s i m i l a r  

depos i t  was found on C .  In  f a c t  t he re  was no marked d i f f e r e n c e  i n  thk 

appzarance c t f  these th ree  deposits. Vhen prodded w i t h  a sharp i n s t r c m n t  

-9 - 



under the  microscope, the dzpos i t s  on Gn 3nd Gy were found t o  be r e s i l i e n t  

and q u i t d  spongy i n  character  vJhilz t h a t  on C was very b r i t t i l .  

ND d.*;>c5its wet-.? o ~ s e r v e d  on 8 2nd D. 

a t  140 C, the impad3nce between A 2nd c3thoues b I n d  D w3s obszrved t o  be 

vzry  high, suggesting t h i t  B 3nd D ward no t  immersed i n  the  e l e c t r o l y t e .  

T h i s  situ,r?rtion p e r s i s t e d  a t  150 C, which should have bedn w e l l  3bovc? the 

c r i t i c a l  g o i n t .  I t  i s  t h e r e f o r 2  suspcctGd t h a t  t he  c 2 l l  had broken a t  t he  

top  I n d  t h 3 t  t h z  top  p o r t i o n  o f  t h e  cell c o n t j i n e d  n i t r o g e n  from the Gxternal  

prLssurz system r a t h e r  than electrolyte. A f t e r  the 3ttempted depos i t i on  

an D h3d b a n  conclildQd, i t  V,I~S found t h a t  t he  irspedsnce betwccn A and C 

h33 3 1 5 0  tccomr, vLry 13rge. dhdn remo/ud f r o m  the  bomb, the  c e l l  was found 

brolcm ok6.n 3 t  the t o r .  

Dur ing t h d  2l, ;ctrod+osit ion on C 

0 

G 
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2.3 CELL E12 

T h i s  c e l l ,  of 34 cc volume, w35 f i l l e d  w i t h  0.0611 gm of CuCl i n  17 cc o f  

NH5 a t  -78 C. 

A, 8,  C and D. The anode 9 and the cathode B were 1.75" long, t h e  cathode 

D was 1.13'' long and the  cathode C was cu t  o f f  f l u s h  w i t h  the g lass  cove r ing  

the  feedthrough so t h a t  o n l y  a 0.020" diam. c i r c u l a r  sur face was exposed as 

the e l e c t r o d e  surface. Most of the CuCl d i d  no t  d i s s o l v e  i n  t h e  l i q u i d  NH 

u t i o n  had a l i g h t  b lue t i n t .  The e l e c t r o d e p o s i t i o n  c o n d i t l o n s  were 

0 The c e l l  had f o u r  0.020'' diam. P t  w i r e  electrodes, designated . 

3-  

OWS : 

The so 

as fol 

Temp. C e l l  Cur ren t  T irne Charge 
C V o l t s  ma. - Sec. Faradays 
0 Cathode 

C 23 1.75 1 .o 600 6.21 10-7 
-7 B 144 300 t o  14 -1.0 660 *- 7 x 10 

C 144 10 0.01 601 5 6.23 x 

The c u r r e n t  d u r i n g  the  l o w  tempcrature depos i t i on  on cathode D was q u i t e  

steady. T h i s  depos i t i on  was pcrformed before t h e  c e l l  had been heated t o  

the h igher  temperature. The deposi t  on D had no m e t a l l i c  l u s t r e ;  was b lack  

t o  dark copper i n  co lo r ;  and had a so f t ,  powdery consistency. A f t e r  t he  

run, i t  cou ld  be e a s i l y  scraped o f f  t o  leave a b ue-black e l e c t r o d e  sur face 

near t h e  longcr  end, changing t o  s i l v e r y  near t h  upper end. The dens i t y  

of t he  deposi t  was f a i r l y  un i fo rm as a f u n c t i o n  o f  he igh t  over a l l  b u t  t h e  

l a s t  1/8" o f  the wire. T h i s  w i r e  apparen t l y  extended out o f  t h e  l i q u i d  and 

was covered o n l y  w i t h  a very l i g h t  deposi t .  The deposi t  was t h i c k e r ,  how- 

ever, on the  s ide  o f  the w i r e  away f rom the  anode. Some coppery powder a l s o  

extended on to  the  feedthrough glass. 
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A t  144OC, t h e  cu r ren t  f l u c t u a t e d  a t  constant c e l l  voltage, sometimes by an 

o rde r  o f  magnitude and i n  the  case of  cathode 8, tended t o  r i s c  t o  such an 

e x t e n t  t h a t  t he  a p p l i e d  vo l tage across c e l l  had t o  be dropped from 300 t o  

14 v o l t s  by tha  end o f  the experirndnt i n  order  t o  ma in ta in  the average 

c u r r e n t  m a r  1 ma. The cu r ren t  was much s tead ie r  on cathode C al though 

the re  were a few f l u c t u a t i o n s .  

The deposi t  on most o f  e l e c t r o d e  B WJS very s i m i l a r  t o  t h a t  on D, w i t h  the  

except ion o f  a marked decrease i n  d e n s i t y  w i t h  h e i g h t  a long thi: upper h a l f  

o f  t he  e l e c t r o d e  wires.  The d;.nsity over the lower h a l f  appeardd uni form. 

Thzre was one i n t e r e s t i n g  f z a t u r c  on cathode B i n  t h e  form o f  a thin, wi re-  

l i k e  stem w i t h  a round lump on the 2nd p r o t r u d i n g  from the s i d c  o f  t he  

e lect rode.  The leng th  o f  t h i s  featur, was about 0.02" w i t h  t h e  diameter 

o f  t h e  round lump being about O.OO3" I n d  the  th i cknzss  o f  t h e  stem being 

about O.OOO5': t o  0.001". Th,: o b j c c t  had J dark coppery c o l o r  w i thou t  

m e t a l l i c  l u s t r e .  I t  was f a i r l y  hard; t he  stem be ing  f l z x i b l d  but  not 

spr ingy.  I t  w3s apparent ly  a growth G f  coppcr. 

Therz was w r y  l i t t l e  deposi t  on cathode C. I t s  sur face was o f  copper 

c o l o r  and t h e r e  was copper-colored powder on the feedthrough glass. 

The powd2ry character  o f  t h c  deposi ts  from both l i q u i d  and gaseous e l e c t r o -  

l y t e s  and tht? t h i n n i n g  o f  t h e  deposi ts on the s i d e  o f  t he  cathode m a r  the 

anode suggests t h a t  the c u r r i n t  ddnsi ty  was much too high. Since i t  i s  not  

p r a c t i c a l  t o  use a much lower cu r ren t  d d n s i t y  i n  the present type o f  k x p e r i -  

ment, wc a r c  d i s c o n t i n u i n g  the  USC of CuCI. 
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2.4 CELL ~ 1 6  

T h i s  c c l l ,  zf  37 cc  volume, was f i l l e d  w i t h  0.1085 gm o f  AgNO 

NH a t  -78%. The e lec t rodes  werc: as i n  C e l l  E12. Dur ing the  s e a l o f f  opcra- 

t i o n ,  a f t e r  f i l l i n g  w i t h  NH 

c e l l .  The exper imental  cond i t i ons  were as fo l l ows :  

i n  19 cc o f  3 

3 
a small amount o f  a i r  may have g o t t e n  in to  t h e  3’ 

Temp C e l l  Current Time Charge 
C V o l t s  ma. Sec. Faradays Cathode - 0 

D 21 0.78 1 .o 

B 142 0.83 t o  0.9 1.0 I 320 1.37 x lo-6 

361 5 2.7 10-7 C 1 42 0.46 0.095( av> 

Cathode C was maintained a t  ccnstsnt p o t e n t i a l  and the  c u r r c n t  a l lowed t o  

increase cis t h e  d e p o s i t i o n  o f  s i l v e r  increased the  sur face area o f  t he  

e lec t rode .  The c u r r e n t  increased w i t h  t ime i n  a non l i nea r  manner from 

0.06 ma t o  0.130 ma, i n d i c a t i n g  tha t  t h e  d e p o s i t i o n  o f  s i l v e r  had approx i -  

mately doubled t h e  sur face area. The c e l l  broke d u r i n s  c o o l i n g  a f t e r  the 

expe r i mien t . 
The low temperature deposi t  on 0 appeared q u i t e  smooth and clcsn. 

deposi t  appcsrzd m e t a l l i c  a l though the surface d i d  no t  g i v e  specular 

r e f l e c t i o n ,  i n d i c a t i n g  a s l i g h t  roughness on t h e  surface. Thc deposi t  was 

q u i t e  un i fo rm i n  appearance over the e n t i r e  e l e c t r o d e  surface. 

The 

The deposi t  on 8 appeared clean, m e t 3 l l i c ,  and q u i t e  spa rk l y  o r  c r y s t a l l i n e  

i n  appearance. 

cover t h e  c n t i r c  electpode surface bu t  was i n  the  form 0; sniall, spa rk l y  

The deposi t  d i d  not appear t o  be very t h i c k  and d i d  no t  
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do ts  q u i t e  c l o s e l y  spaced but  between which the P t  e l e c t r o d e  sur face could 

s t i l i  be seen. There was a densi ty  g rad ien t  a long ths upper 1/2!: o f  t h e  

e l e c t r o d e  w i r e  w i t h  the deposi t  becoming q u i t e  t h i n  near t h e  top  and no 

whiskers had grown from the top of the  wire.  

l a c k  of  whiskers on t h e  long e lec t rode  a r e  q u i t e  d i f f e r e n t  f rom the  r e s u l t s  

ob ta ined  e a r l i e r  w i t h  c e l l  E8. 

The dens i t y  g rad ien t  and 

The deposi t  on C was i n  the form of a th i ck ,  c r y s t a l l i n e  m e t a l l i c  c r u s t  

w i t h  several  protuberances, Some oI. these a x h i b i t e d  f a i r l y  i a rge  r e f l e c t i n g  

faces. A t  f i r s t  i t  was thought t h a t  t h i s  was 311 t h a t  had been deposi ted 

on C. The increase i n  e l e c t r o d e  3rea due t o  thd depcs i t  was much smal ler  

than expected from t h e  observed ilccrease i n  cell  impedance. Later,  several  

whiskers were found i n  the  decp cui, a t  the bottom o f  tha c e l l  where elec- 

t r o d e  C was brought i n t o  t h e  cell ( s e e  f i g .  I ) .  These whiskers were much 

l a r g d r  than those f r o m  E8, bc ing  I / l @ '  t o  I/8l1 long. They had presumably 

f a l l e n  from the e l c c t r o d e  e i t h e r  whm the c e l l  b u r s t  d u r i n g  c o o l i n g  o r  

when t h e  c e l l  was being rernovcd from thc bonib. The whiskers s tuck i n  the  

bottom o f  the  cup and at tempts t o  rerncvL them r e s u l t d d  i n  t h c i r  loss. 

Larger whislters have been rizcovcred f rom subsequent experiments. 

-14- 
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2.5  CELL ~ 1 3  

T h i s  c e l l ,  of 35 cc volume was f i l l e d  w i t h  0.0993 gm c f  AgMO 

NH a t  -78OC. The e lec t rodes  were as i n  c e l l  E12.  The c e l l  had no freeze 

cup. The exper imental  cond i t i ons  were as fo l lows:  

i n  18 cc o f  3 

3 

Temp. C e l l  Current  Time Charge 
Cathode - OC Vol t S  ma. - Sec. Faradays 

B 1 40 1.2 2.0 660 1.37 x 

D 140 0 -97 1 .o 600 6.2 x 10 -7 

C 1 40 1.05 0.453( 3 V )  4800 2.25 x lo-' 

t h a t  t h e  cu r ren t  increased f rom 0.1 ma a t  t h e  beginn 

t o  0.7 ma near t h e  end. The cur ren t  was recorded as 

the  t ime averaged r e s u l t  i s  given above. 

growth o f  t h e  deposi t  caused a marked increase i n  cu r ren t  w i t h  time, 

ng o i  the  exper 

a f u n c t i c n  o f  t 

The vo l tage on e lec t rode  C was he ld  constant  wh i l e  the c u r r c n t  was a l lowed 

t o  vary as  t h e  deposi t  grew. Because o f  t h e  small  s i z e  o f  cathode C, t h e  

so 

ment 

me and 

The depos i ts  on B and D were t o t h  n i e t a l l i c  and somewhat c r y s t a l l i n e  i n  

appearance when viewed under the microscope. 

t h e r e  were no whiskers growing from t h e  t i p s  o f  these e lect rodes.  

depos i t  on C was very c r y s t a l l i n c  and h a i r y  i n  appearance and extended for 

some d is tancc  over th,: sur face  of thaL glass.  

several  whiskers o f  l eng th  up t o  5 mm. These had apparent ly  broken o f f  

f r o m  e lec t rode  C and were l y i n g  loose i n  t h e  c e l l .  Photographs were taken 

of the  depos i ts  and o f  the  whiskers. A photograph o f  some o f  t h e  whiskers 

U n l i k e  the case of c e l l  €8, 

The 

I n  add i t i on ,  t he re  were 
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i s  shown i n  Fig. 3. The great  increase i n  s i z e  o f  t h e  whiskers over those 

from celi  ~8 gives encouragemmt t o  t h e  hope t h a t  large, s i n g l e  c r y s t a l s  

can be grown from gaseous e l e c t r o l y t e s .  

The l a c k  of small whiskers on I3 and D and the  r a t h e r  rough character  o f  t h e  

whiskers Gbtained from C may ind i ca te  the  i jresence of i m p u r i t i e s  which were 

avoided on ce l l  E 8  by us ing  a f rsdzc va lve d u r i n g  the  s z a l o f f  operat ion.  

Consequently, f reeze valves w i l l  be used i n  the next  s e r i e s  o f  e l e c t r o -  

depos i t  ion  expcr iment s. 
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2.6 CELL E14 

T h i s  c e l l ,  o f  about 35 cc volume, was f i l l e d  w i t h  0.0968 gm o f  AgNO 

17 cc o f  NH 

E10 and E l 3  and l i k e  E l 3  had no freeze cup. 

i n  3 
a t  -78°C. The c e l l  had e lec t rodes  s i m i i a r  t o  thrse of  cel!r 

3 
The cond i t i ons  du r ing  e l e c t r o -  

depos i t i on  were a s  fo l lows.  

E I ec t  rodes 

A+B- 

D+B' 

A'C" 

a+o" 

The second run 

Temp. Celi Current Time Charge 
V o l t s  ma. Sec. Fa r ada y s 

7 - C 0 - 
140 0.85 2.0 600 1.24 10-5 

141 0.85 1 .I7 630 7.6 x lo-6 

141 0.85 0.466( av) 5100 2.5 10-5 

141 0.85 1.4 600 8.7 x 10-6 

(B-D') was done i n  er ro r ,  t he  anode w i re  having been switched 

from A t o  D a f t e r  the  f i r s t  run ra ther  than the  cathode being switched from 

B t o  D a s  had been intended. 

i n  a l l  experiments. I n  the case o f  cathode C, the vo l tage was he ld  constant 

w h i l e  the  cur ren t  was al lowed t o  vary a s  the  deposi t  grew. 

The same vo l tage was app l i ed  across the  c e l l  

The cu r ren t  was 

recorded as  a f u n c t i o n  o f  tirnz and the  t i m e  average i s  g iven  i n  the  above 

tab le .  

the experiment. 

The cur ren t  increased from 0.27 ma t o  0.58 ma dur ing  the  course of 

It was thought t h a t  the  e r r o r  made i n  the  second run n which an add i t i ona  

deposi t  was made on B us ing  0 r a t h e r  than A as the anode would su re l y  increase 

the  th ickness of the  deposi t  on 8 and p o s s i b l y  contaminate the  surface of 

e lec t rode  D. The deposi t  on 8, however, was found t o  be q u i t e  d i f f e r e n t  
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than expected. The bottom h a l f  of t he  e lec t rode  was covered w i t h  a f a i r l y  

c lean  m e t a l l i c  deposi t  w i t h  a spark ly  o r  c r y s t d l l i n e  and somewhat whiskery 

appearance. The deposi t  on the upper par t ,  howcver, w h i l e  somewhat m e t a l l i c  

i n  appearance, was lumpy, and wrinkled, be ing apparent ly  much t h i c k e r  than 

on t h e  lower p a r t .  The t r a n s i t i o n  bctween t h e  lower and upper p o r t i o n s  was 

uniform, t h z  dcpos i t  becoming thick,r, lumpier and more wr ink led  toward the 

upper end of t h e  e lect rode.  

The deposi t  on D, on the o the r  hand, was cleaner than on B and very sparse. 

There was almost no deposi t  near the top o f  t he  e l e c t r o d e  w h i l e  the  remainder 

was apparent ly  i n  t h e  form o f  very t i n y  whiskers growing from the  bare P t  

sur face.  

The deposi t  on C was stubbly  and c r y s t a l  

metal1 i c  l u s t r a  b u t  d i d  no t  appear t o o  c 

severa 

bo t  t o m  

i n c l  ud 

g i v i n g  

ine i n  appzarancc. I t  had some 

ean. I n  add i t i on ,  t h e r e  were 

very smJll t r e e s  growing from the e lect rode.  I n  the cui> on the  

of t h e  ce l l  bzncath e l cc t rodz  C t he re  were several  t r o c  fragments 

ng one about 6.5 mm long, 

t h e  s tubb ly  appearance. A photograph of t he  l a r g e s t  fragment i s  

Thsse had apparen t l y  broken from C, 

shown i n  Fig. 4. Th is  deposi t  i s  i n  thee shapa o f  r a t h e r  long t ree .  There 

appear t o  bc t h r e e  p o i n t s  on i t s  l zng th  where tw inn ing  occurred. Tha branches 

on t h i s  t r e e  3rc  r e l a t i v e l y  shor t .  I t  m3y w e l l  be t h a t  the branches are 

merely growths on the  s ide faces o f  a s i n g l e  c r y s t a l  f i l amen t .  
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2.7 CONCLUS IONS 

The p r i n c i p a l  o b j e c t i v e  of t h i s  p a r t i c u l a r  se r ies  o f  experiments has been 

achieved, namely, we have shown t h a t  e l e c t r o d e p o s i t i o n  c u t  o f  dense gaseous 

e l e c t r o l y t e s  is markedly J i f f e r a n t  than ou t  of  l i q u i d  e l e c t r o l y t e s .  In  

add i t i on ,  we f e e l  t h a t  we have demonstrated the f e a s i b i l i t y  o f  growing 

s i n g l e  c r y s t a l s  and/or s i n g l e  c r y s t a l  f i l amen ts  out o f  dense gaseous e l e c t r o -  

l y t e s  oncz t h c  proper cond i t i ons  3 re  found. 

A t  t h e  beginning o f  t h i s  p a r t i c u l a r  s e r i e s  o f  experiments, had shown 

t h a t  t he re  t h c  emfs o f  amalgam concentrat ion c e l l s  d i d  no t  depend on the  

s t a t e  o f  the s l e c t r o l y t e ,  i . ~ . ,  whether l i q u i d  o r  dense gaseous. We then 

tu rned  t o  t h e  quest ion c f  what k inds o f  d i f f e r e n c e s  i n  p r o p d r t i c s  should 

shew up. One o f  the d i f f e r e n c e s  we a n t i c i p a t e d  i s  t h a t  under iynamic 

e l e c t r o l y t i c  condi t ions,  gases such a s  hydrogen which form on c l e c t r o -  

r e d u c t i o n  should d i f f u s e  away from the neighborhood o f  thc: c l c c t r o d e  once 

they 3re desorbed. In  contrast ,  i n  t h e  case cif l i q u i d  c l c c t r o l y t e s ,  t he  

sur face t e n s i m  of  the l i q u i d  const ra ins the gases as bubbles t o  the  r c g i o n  

of  t h e  surfacc.  Hencc, we p r c d i c t c d  t h a t  e l e c t r o d e p o s i t s  out  of dense 

gaseous e l e c t r o l y t e s  would be more c r y s t a l l i n e  i n  3ppearancc and less  l o c k  

marked than those out o f  the l i q u i d  s t a t e  under comparable: cond i t i ons .  T h i s  

reason3ble p i c t u r e  i s  i n  accord w i t h  t l i c  r e s u l t s  o f  t h e  expcr imcnts which 

were guided by t h i s  hypothesis.  

The experiments i n  t h z  next sect ion an polarography a r e  being undertaken t o  

uncover some more of  the  d i f ferGnccs i n  p r o p e r t i e s  between t h z  two c l e c t r o -  

l y t e  s ta tes .  T h i s  work w i l l  be discussed f u r t h e r  i n  the  nkxt  sec t i on .  
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3. CONDUCTIVITY EXPERIMENT 

Because of  t h e  i n t i r e s t i n g  r e s u l t s  ob ta ined on the depos i t i on  of  s i l v e r  from 

dense? gaseous AgNO -NH and becausc th: t o t a l  res is tance of th..: c z l l  was 

sometimes lower i n  t h e  dense gaseous s t a t e  (140 C )  than i n  t h e  l i q u i d  s t 3 t e  

(2' j°C),  i t  appe3rcd des i rab le  t o  Lxamine t h e  c o n d u c t i v i t y  behavior o f  

AgNO -NH 

3 3j 
0 

3 3' 

There h3s bGcn a conside,able v 3 r i a t i o n  between c e l l s  i n  t h e  3ppsrent gaseous 

c o n d u c t i v i t y  wh i l e  t h e  apparent l i q u i d  c o n d u c t i v i t y  has bccn v2ry s i m i l a r .  

T h i s  suggests t h a t  the  gaseous s t a t e  may De very s e n s i t i v c  t o  small  d i f f e r -  

ences i n  concentrat  on 3nd e l e c t r o l y t e  densi ty ,  as would be suggested by 

the  r e s u l t s  o f  Cope and e t  a l  on the d i e l e c t r i c  constant  of dznse gaseous 

water. I n  order  t o  make d e f i n i t i v i  measurements of  thcsd e f f s c t s ,  t w o  con- 

d u c t i v i t y  c e l l s  were designed and b u i l t ,  h3v ing four z l c c t r o d c s  of c o i l e d  

0.10" diam. s i l v z r  w i r d  ( F i g .  5 ) .  Thesc c e l l s  w r e  q u i t e  s i m i l a r  t o  p rcv ious  

c o n d u c t i v i t y  C C I I S ,  being designed f o r  f o u r  probe c o n d u c t i v i t y  iii33Surementsj 

i n  which th- rnasurinc, 21ectrod.,s d r 3 w  no current ,  and hJv ing  geomet r ica l l y  

dctGrmined ce l l  Lonstants.  

Two c s l l s  (des ignatzd  C 1  3nd C2) have been b u i l t  and f i l l e d  w i t h  AgNO -NH 

s o l u t i o n s  a t  concentrat  ions o f  0.0545 and 0.040 moledl  i t z r  3 t  -78OC 

respcc t i ve l y .  

-78 C, g i v i n g  r i s e  t o  -1 rnol3r volumc of ammoni3 i n  t h e  gas FhasL Gf 41.5 cc 

and 46.3 cc, r cspec t i ve l y .  I f  a l l  of  t h c  s a l t s  remain i n  s o l u t i o n  i n  t h c  

dense gaszous NH then i n  t h e  gas bh3se t h e  c o n c m t r a t i o n s  o f  AgNO w i l l  

3 3  

The s o l u t i o n s  occugiLa 56.2% and 50.2% of  t h d  c ~ l l s  3 t  

0 

3 j  3 
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be almost i d e n t i c a l  w h i l e  i n  c ~ l l  C 1  t h d  d c n s i t y  o f  ltmmonia w i l l  b i  13 

h igher  than i n  c e l l  C2. 

One o f  t h e  i n t c r c s t i n g  p o t a n t i 3 l s  o f  th,: dense gdseous i ~ d i u r n  i s  t h e  J D O L . ~  

f e a t u r e  t h a t  Lo th  so lu te  and solvdnt d e n s i t i e s  can Le va r ied  independently, 

u n l i k e  t h c  cas2 o f  the l i q u i d  st .3 te,  whcre o n l y  the so lu te  dcns i t y  can be 

v 3 r i e d  a t  3 g i v c n  temperature. 

C e l l  C2 h2d b tzn  loaded i n t o  thc bonh and rdaaings werc k i n g  ta!<en 3 t  the 

end o f  t h i s  rqwrt per iod.  

rne3suremcnts w < ~ r ~  being made 3 t  10 C i n t i r v a l s  s l l ow in t ,  two hours f o r  

equi 1 i b r a t i c n  i f t e r  changing tcnperature.  

over the r i n g e  from 18O t o  98OC Ly t h d  en4 o f  the r e p o r t  pbr iod.  

measurements i n d i c a t L  th3t  the L l c c t r o d c s  3 re  f a i r l y  w e l l  bch3vcd clnd t h a t  

good c o n d u c t i v i t  measurcments c3n be obtained. Th, c lc ta i ldd r e s u i r s  w i l l  

be g i v a  i n  t h -  next r e p o r t  whdn tiid neasurcments w i l l  havc: k . - n  compldted. 

E lect rode ,mf and e l e c t r o l y t d  c m d u c t i v i t y  

0 

Measuremcnts had bcdn takan 

These 

-21 - 
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4. p O L A R ~ R A P H Y  ExFER 

4.1 Background - Polarography i n  General 

Voltammetry i s  the branch o f  e lect rochemist ry  t h a t  deals w i t h  t h e  e f f e c t  

nf t h e  pe ten t - i a?  nf an e lec t rode  i n  an e l e c t r o l y s i s  cell o n  t he  cu r ren t  

t h a t  f l o w s  through i t .  Polarography i s  t he  branch of  voltammetry i n  which 

a dropping mercury e lec t rode  i s  used as the i n d i c a t o r  e lec t rode .  The drop- 

p i n g  mercury e lec t rode  cons is t s  of a very f i n e  g lass c a p i l l a r y  w i t h  one end 

connected t o  a mercury r e s e r v o i r  whi le  t h e  o the r  i s  mmersed i n  the s o l u t i o n  

be ing  i nves t i ga ted .  Mercury f l o w s  through the  c a p i l  a r y  causing a drop t o  

grow on the end o f  the c a p i l l a r y  and then f a l l .  

another begins t o  forn:. Each droi3 e x a c t l y  d u p l i c a t e s  i t s  predecessor so 

t h a t  the c u r r e n t s  a r e  reproducib le  from one drop t o  the next.  Also, s o l i d  

products  cannot accumulate on t he  e lec t rode  surface which cou ld  change i t s  

p r o p e r t i e s .  !.!ith a dropping electrode, a momentary shock o r  v i b r a t i o n  w i l l  

cause one drop t o  behave e r r a t i c a l l y  whereas w i t h  a s t a t i o n a r y  e l e c t r o d e  

the whole measurement can be ruined by changing the s t r u c t u r e  o f  t he  d i f f u -  

s i o n  l a y e r  xh i ch  i s  s lowly  growing away from the e lec t rode  surface. 

As soon a s  one drop f a l l s ,  

A po larographic  c e l l  conta ins t h c  s o l u t i o n  t o  be measured, t h e  dropping 

mercury e lec t rode  (DME) and a referznce e l e c t r o d e  against  which the  p o t e n t i a l  

of t h e  DME i s  estab l ished.  Bcciuse o f  t he  very l a rge  surfacn, area o f  t h e  

re fe rznce  z l e c t r o d e  snd the low cu r ren ts  invc lvcd,  the referencc: e lect rode,  

which 3lso servcis as the counter :12ctrode, does not p o l a r i z e .  To i n v e s t i g a t e  

a metal ion  i n  the  s o l u t i o n  thc  :;otcntial o f  the DME i s  v a r i e d  f rom zero 

towards ndgat ive values. I f  on l y  one c a t i o n  i s  present, t h c  c u r r e n t  w i l l  

-22 - 
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remain constant u n t i l  the  p o t e n t i a l  o f  t h e  DME i s  s u f f i c i e n t l y  negat ive  t o  

reduce t h e  ca t i on .  A t  t h i s  p o i n t  the cu r ren t  increases r a p i d l y  as t h e  DME 

becomes more negat ive  u n t i l  a l l  o f  the  c a t i o n s  which d i f f u s e  t o  the  DME a r e  

reduced on i t s  surface. From t h i s  po int ,  as t h e  DME i s  made s t i l l  more 

negat ive,  t h e  cu r ren t  remains constant and i s  l i m i t e d  by t h e  r a t e  a t  which 

t h e  ca t i ons  can d i f f u s e  t o  the  DME. Anions produce s i m i l a r  r e s u l t s  when 

t h e  DME i s  made p o s i t i v e .  

-23 - 
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4.2 I3 ickground - Aprl  i c i b f  1 i t \ /  :I' rzolp?rogr3phy t o  D-ns; G ~ s i o u s  E l e c t r o l y t e s  

For dach ionic s b c c i ~ s  p res tn t ,  i nc lud ing  d i f f e r s n t  < ; i va t ion  s t3 tds  of t h e  

same ion, thdr '  i s  3 c h r i c t i r i s t i c  v ~ t L n t i 3 1  i b o v e  Mhich (En tlw abso lu te  

scn ie )  i t  will b e  oxidirdd 01- r,duc-c, 3 5  t h e  case m y  be, 2nd bdlow which 

i t  d i l l  r iot .  Ir i s  t h u s  oossib;, t o  i d L r l t i f y  t he  spdciec, pres-nt  I n  3 solu- 

t ion,  Inc  Gding d i f f e r a n ,  >cilv3'iiaI> S ~ S L ~ S  o f  t h c  s 3 m  ion, From a fiimsurc- 

ment o f  d ffu;ior: 1irnit:Ld c:irrdr, f t d I '  , p2 : t l c :~ l~ ;  s p e c i t s  i t  is possible 

t o  o b t 3 i n  t h e  d i f f u s i o n  const3nt :or t h q t  Gpcci i :s  i f  the  c o n c d n t r a t i m  i s  

known; or '-I-  *- ,a: concentrdt  ion  i f t h ,  c i i  - u c ~ z n  ' c m s t 3 n t  i s  known, 
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4.-3 Sta tus  

I n  p repara t  

ograph ic  ce 

on fo r  t h e  proposed golarography 

1 has been designed t o  be used w 

t h e  c u r r e n t  through the  c e l l ,  A schematic o f  t h e  

dev ice  i s  shown i n  Fig. 6. I n  a d d i t i o i  t o  t l ie  vo 

m-sasuring and record ing  sections, i t  conta ins  II c 

> , ~ l + . a g e  dro,:z z:-osc ?I:,? c . j r ren t  c . e ~ s i - 1 9  rcs ic+r ; -  

L J  !hd w l i  Jr 3 ,ri i f i ' . e s - j b i 8 i c j  C I  rck i t  L O  p r o v i d -  

experim?>ts, a new t ype  o f  p o l a r -  

t h  dense gaseous e l e c t r o l y t e s ,  

atid prel  im inary  experiments have been performed. A reco rd ing  poiaregraph 

i s  u s e d  t o  vary  t h e  p o t e n t i a l  between the  re fe rence e l e c t r o d e  and the  E;!€ 

a t  a constant r a t e  between des i r zd  i n ' t i a l  and f i n a l  p o i n t s  w h i i - ,  r eco rd ing  

e l e c t r i c a l  c i r c u i t  f o r  t h i s  

tage sweep and cu r ren t  

r c u i t  t o  cc-iripensate f o r  

;.mi th:? irite::na! resistance 

L -1 Ccsirgd zir\oi:nt c f  dsmp i ng 

0:' t h e  ci:rrc:i',- _ _  \tins; pr'c;di zed L,y . i h ~  FEm AS edch drop i'a; 1 .;> the cui i -c i l t  

Cl~opr. p rac t ic311y  t o  ze:'3 Jnd thd:r! i ' t~zrcases t o  i t s  msximar~ .a: t h z  rei:.S 

$:-op grows.. i t  i s  usua:!y d z s i r a b l c  t c  average chese swings f o  r-cmc excccc 

Fist; prese:- iz J ~ v i c e  ~ 5 e 5  fic3shl i g h t  c c l  I s  t o  o b t a i n  t h e  necessary v o 1 t 3 5 ~ 3  

t h i  le a c l o c k  motor d r i v e s  t h e  9auged vo l tagd d i v i d i n g  p o t c n t i m e t e r s  !.'>r 

thit irol tag,.-? sweep and i:itc;rna 1 r k s i  stance compensator e The vol tds? r?c:~2;~ 

t h z  z.arrent :ci-,;ing rzsis' ioi- i s  r c c c r d d  on a Sai,~sh and Lomb ?OM 5 recorder, 

hav ing  a s e n s i t i v i t y  o f  10 mv f u l l  sca le  and an i npu t  res i s tdnce  i n  exczsc, of 

10 r;.zgohrs. t h e  c e l l  v o l t z g *  can Lc: c,wzpt thrc,ugh any des i red  amount Setw2en 

0 2nd 4.5 \f i n  a t ime o f  8 minutds whi!e the  i n i t i a l  volta9;: c3n k e  s . ; t  

-- 

..where 1;etWC!,:~i f 1.5  I.'= Current can be mcasur.,d ovzr  t h e  ran!;e f rom 0 ' 5  

u a  t a  100 ~ a ,  a n d  t h e  i n t e g r a t i o n  tirric can be se: a t  0, 2, 4, 8 and 20 c;c.:cmds. 
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One of  t h e  problems associated w i t h  L u i l d i n g  a po larographic  c e i l  i s  t o  

c b t a i n  a c a p i l l a r y  which d e l i v z r s  drops a t  the  proper r a t z .  Tha optimum 

drop t ime i s  about 6 seconds 3nd considerable exper imentat ion was done i n  

drawing down 1/2 mm c a p i l l a r y  t o  ob ta in  the des i red  drop t ime. :.!hen a s u i t -  

a b l e  c a 7 i l l a t - y  had bezn o t i h incd ,  i: simple polarography exberirrient w i t h  an 

aqceous s o l u t i o n  was c a r r i z d  o.~.; w i l l  good r e s u l t s .  T h i s  experiment detected 

cxygcn from a i r  d isso lved i n  0.1 N aqueous K C l  s o l u t i o n  and dup l i ca ted  

pub l ished r e s u l t s ,  Anothdr problem i s  tu  f i n d  a s u i t a b l c  ra fe rcnce e lec t rode  

f o r  usi: i n  ammcnia. I f  c h l o r i d s  sc lu t i ons  ,are used, then a p r i n c i p a l  requ i re -  

w ~ t  Is :h.3t t hc  chlor id: :  5 .1 i t  s$ th.; re fkrencz c l e c t r c d c  ma te r ia l  should 

,-. -I-. ;> lK5cJl2blL i n Z:,-,C,G~ I .; z ~ L . , ~ I . x ~  3nd z i n c  appe3r s u i t s b i e  cjn t h i s  

bc ls is .  1, pofarc3:.a;ehic c ~ 1 1  fo; c;c \ . : i t h  2 gssaoiis ~ l c c t r o l y t e  c o n s i s t i n g  

of -3 c h i o r i d 2  sal:: i n  P ’ L  has Luen d c s i g n ~ d  around one o f  t h e  c , 3 p i l l a r i e s  
3 

t h 3 t  had s u i t t l L l e  c h a r s c t c r i c t i c s ,  ?c3d w i re  was chosen for t h c  referencl: 

c l -c t roc iz .  Const ruc t ion  should b.; comp1;ted s h c r t l y .  

. .  . ”  
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5 .  FUTURE PLANS 

I t  i s  planned to cont inue tha  c l c c t r o d c p o s i t i o n  experiments w i t h  precaut ions 

t o  i nsu re  the  p u r i t y  o f  thc: 6 l c c t r o l y t C .  

w i i i  be etched KO expose tne c r y s t a l  surfaces t o  see i f  t h i s  encourages the 

growth of  s i l v e r  c r y s t a l s  on t h e  plat inum substrate.  

drops w i l l  a l so  be t r i s d  a s  elzct rodes.  I t  i s  planned t o  cont inue the con- 

d u c t i v i t y  Axperirnents w i t h  AgNO /NH i n  order  t o  e s t a b l i s h  the dependence 3 3  
o f  concen t ra t i on  and dens i t y  J S  w s l l  3 s  temperature on the  c o n d u c t i v i t y  of 

a gaseous e l e c t r o l y t e .  F i n I l l y ,  i t  i s  plann2.d t o  perform polarogr3phic  

experimcnts i n  gaseous chloride-ammonia so lu t i ons .  

Some of  the  p la t i num e lec t rodes  

Vacuum melted s i l v e r  
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b 

-Fi 1 1  i n g  Tube (Capi 1 l a r y )  

-- 
Freeze Cup t o  A id  
i n  Seal-Off  

1 n n 

0.01 6" D i am. 
-Plat  i num W i r e  

Elect rodes 

-Glass Covering 
Tungsten Feedthrough 
and I n i t i a l  Pa r t  of 
P 1 a t  i num W i r e  

F igu re  1 . ELECTROPLATING CELL 

I n  some c e l l s  two add i t i ona l  e lec t rodes  have been 
brought i n  through t h e  top  of  t h e  c e l l .  

I n  some c e l l s  t h e  cathodes have been c u t  o f f  f l u s h  
w i t h  t h e  feedthrough glass.  
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. 

F i g u r e  3. Photograph of Whiskers Depos i ted  i n  

C e l l  E13 from AgNO /NH S o l u t i o n  a t  

14OoC. 
about 5 mm. 

3 3  
Length  of l onges t  whisker  i s  
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F i g u r e  2. Photograph o f  t h e  Whiskers Deposi ted on End 

o f  P t  Cathode i n  C e l l  E 8  From AgNO /NH 

Sol u t  i o n  a t  14OoC. 
3 3  
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F i g u r e  4. Photograph of  a Tree  Grown From Gaseous 

AgNO /NH 

The l e n g t h  of t h e  t r e e  i s  about 6.5 mm. 

S o l u t i o n  a t  141OC i n  C e l l  E14. 3 3  
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Freeze Cup 

Expans ion Bu 1 b 

Conduct iv i ty  measured 
a long  inner tube 
between ends B and C .  

7 A 

F i g u r e  5. Conduct iv i ty  C e l l  f o r  AgNO /NH 3 3  
C e l l  volume approx. 30 cc.  
E l e t t r o d e s  a r e  c o i l e d  0.0161~ diam. Ag wire.  
A and D a r e  working e l e c t r o d e s .  
B and C a r e  emf measuring electr.odes. 
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